Objective: To study inter-twin differences in activity during early pregnancy and to examine their relationship to subsequent infant twins' temperament.
Introduction
Fetal motor activity seems to predict temperament attributes related to regulatory behaviors in early childhood. 1 Using fourdimensional (4D) ultrasonography for the assessment of fetal behavior, a continuity from fetal to neonatal behavior was shown, 2 especially in terms of isolated eye blinking movements, mouth and eyelid opening, yawning, tongue expulsion, smiling, scowling and hand movements directed to other parts of the face.
Physiological markers of individual differences in infant temperament are identifiable in the fetal period, and are possibly shaped by the prenatal environment. 3 Twins' gestations provide an opportunity to study the behavioral differences between pairs. Temperament variations were studied from the neonatal period to childhood. [4] [5] [6] [7] Twin and adoption studies suggest that individual differences in infant and child temperament are genetically influenced. 8 Developmental aspects of behavioral organization were investigated in fetuses during the second and third trimester. Fetal behavioral states were defined according to the pattern and sequence of fetal motor activities throughout this period. [9] [10] [11] However, behavioral state variables before 36 weeks of gestation are not synchronized.
Our objective was to study inter-twin differences in activity during early pregnancy and to test the hypothesis that individual differences in twins' activity in pregnancy are related to subsequent postnatal-temperament characteristics.
Methods

Subjects
The sample included 22 twin pairs with dichorionic placentas and four pairs with monochorionic placentas. This study was approved by the local Ethics Committee and informed consent was obtained from each patient. Women were excluded from the study whether there were any maternal or fetal complications, including hypertension, diabetes mellitus or a fetal structural anomaly on ultrasound. Cotwins with discordant or restricted growth during gestation were also excluded. The characteristics of pregnancies are presented in Table 1 . Perinatal outcomes are summarized in Table 2 .
In twenty-two patients, the twins were dizygotic (dichorionic); of them 13 twin pairs were of different sexes, five were both females and four were both males. Of the four monozygotic twin pregnancies, two were dichorionic and two were monochorionic, three were both females.
Instruments
All 4D examinations were carried out using the Voluson 730 imaging system (GE/Kretz-Technik, Zipf, Austria). All ultrasound examinations were initiated as 2D scans using an electronic transducer with 3D/4D facility: a 4 to 8 MHz transducer for transabdominal imaging and/or 5 to 9 MHz transducer for trans-vaginal sonography.
Procedure Evaluation of fetal motor activity was carried out during ultrasound nuchal translucency scan at late first trimester and early second trimester (11 to 14 weeks' gestation). The more active fetus in each pair was noted according to the position and/or sex without reporting to parents. Measures of fetal motor activity (frequency, duration and number of movements) were collected from DVD recordings of two separate periods of 10 min during twins' scan. An animation software (Jasc Animation Shop 3) was used for sampling the sequence of frames during the observation period ( Figure 1 ). One investigator (SD) analyzed the measures of activity. Assessment was repeated thrice for each recording to test reproducibility. Intra-observer variations for repeated measurements, were 4.3% ± 0.4. No significant difference was found in the mean of repeated measurements and the characteristics of the regression line indicate reliability: the slope was close to 1 and the intercept did not differ from 0.
The measures of activity were assessed according to the following definitions: frequency, calculated for isolated arm and leg movements, stretching, head and general body movements; duration, the fraction of time of any movement during scanning period; number of movements, total count of any movement during each observation period.
No significant difference was found in comparing the two observation periods for fetal movements (P ¼ 0.29 for total movements count).
Reported maternal perception of the more active twin was documented later, at the mid-trimester anatomical scan.
Using a modification of Rothbarts' Infant Behavior Questionnaire (IBQ) 6 and revised IBQ, 7 measures of postnatal twins' temperament were obtained from questionnaires completed by the twins' mothers at 3 and 6 months of age. The IBQ has been designed to measure temperament in infants between the ages of 3 and 12 months by assessment of the following dimensions of temperament: activity level, distress to limitations, approach, fear, duration of orientation, smiling and laughter, vocal reactivity, perceptual sensitivity, high intensity pleasure, low intensity pleasure, cuddliness, soothability and falling reactivity/rate of recovery from distress. Score of 0 to 3 was given for every measure of temperament.
The number of fetal movements was expressed as the number of movements during the observation period of 20 min.
Statistical analysis
All observable movement patterns recorded were presented collectively with maximum, minimum and median frequencies during this period. Owing to the fact that the data did not follow a The results were considered statistically significant when P-values were <0.05.
Prediction of the more active twin using ultrasound as compared with maternal perception at mid-trimester was evaluated by sensitivity, specificity, predictive values, accuracy and likelihood ratios. The positive predictive value (post-test probability of a positive test); negative predictive value (post-test probability of a negative test); likelihood ratio of a positive test (how much more likely is a positive test to be found in a person with the tested condition than in a person without it); and accuracy, what proportion of all tests has given the correct results (true positive and true negative as a proportion of all results). The receiver operating characteristic curve (or ROC curve) was used to evaluate the above-mentioned tests. The ROC curve is a plot of the true positive rate against the false positive rate for the different possible cutpoints of a diagnostic test. The curve shows the tradeoff between sensitivity and specificity (any increase in sensitivity will be accompanied by a decrease in specificity). The closer the curve follows the left-hand border and then the top border of the ROC space, the more accurate is the test. The closer the curve comes to the 45 1 diagonal of the ROC space, the less accurate the test. The slope of the tangent line at a cutpoint gives the likelihood ratio for that value of the test. The area under the curve is a measure of text accuracy.
The end result of a more active twin was defined by the score according to the postnatal questionnaire. Figure 1 shows an example of several frames from a 4D-imaging sequence of fetal movements. A box-whisker plot of total fetal Twins' temperament S Degani et al movements in the active twins and their co-twins is presented in Figure 2 . The various patterns of fetal movements are compared between pairs in Figure 3 .
Results
Prenatal sonographic inter-twin differences in total number of movements were in good correlation with postnatal maternal reports, after IBQ assessment at 3 and 6 months, on infant temperament (inter-twin difference, delta, according to temperament score, Figure 4) . The spearman rank order correlation reached statistical significance (rho ¼ 0.73; 95% confidence interval for rho 0.0724 to 0.711; P ¼ 0.0253).
The difference in specific prenatal activity patterns, such as head or limb solitary movements, was not statistically significant. Table 3 summarizes the statistics of prediction of the more active twin by maternal perception vs sonographic evaluation. The ROC curves of these methods are shown in Figure 5 .
Discussion
Studies of twins are often undertaken to compare the genetic and environmental influences on specific outcome variables. However, even in monozygotic twins, the assumption of a common prenatal environment is controversial. Several prenatal variables may result in large discrepancies in growth and development. These prenatal variables include placentation type, vascular anastomoses and severe medical complications.
In this study, the exclusion criteria and the separated observation periods for measures of activity were used to achieve comparable conditions for each pair.
Although still without a precise and universally accepted definition, 12 the commonly used term 'temperament' generally refers to variations in behavioral predispositions, which are rooted in distinct neurophysiological substrates. 6 The emergence of stable individual differences in neurobehavioral functioning before birth provides the basis for individual differences in reactivity and regulation in infancy. 13 In general, more active fetuses were more difficult, unpredictable, inadaptable and active infants. 1 The IBQ provides an efficient means for evaluating a wide range of temperament variables because it is answered by parents who have a unique opportunity to observe their infants in a variety of situations.
Assessment of fetal and neonatal behavior was developed mainly as a diagnostic tool for the early detection of brain dysfunction.
14 At 38 and 40 weeks, four distinct behavioral states, named states 1F to 4F and corresponding, respectively, to states 1F to 4F of the neonate, could be identified. 9 There is evidence for episodes of wakefulness in the fetus; however, before 36 weeks, organized behavioral states were hard to define. Fetal-body movements as well as fetal-eye movements, visualized by means of real-time ultrasonic imaging and fetal heart-rate patterns, recorded by means of a cardiotocograph, were used as state variables. The lack of simultaneity of change in the three state variables supports the conclusion that these periods of coincidence occurred by chance in an earlier gestational age.
Early fetal motor development and motor behavior were assessed by a 2D and 4D sonographic techniques between 6 and 14 weeks of gestation. 15 The authors suggested that the two methods were complementary in the evaluation of fetal movements.
Several movement patterns, such as sideway bending, hiccup, breathing movements, mouth opening and facial movements could be observed only by 2D-sonographic technique in this period of gestation.
Child temperament theories generally presume genetic contributions to behavioral differences, but empirical support is largely based on parent ratings of twins. These subjective ratings may be biased by parental exaggeration of dizygotic differences or of monozygotic similarities. 16 Monozygotic twins with a known chorion type were assessed in the neonatal period to determine whether placentation was related to twin similarity in early temperament development. 17 Chorion type was not related to co-twin similarity on any of the temperament ratings. It was concluded that monochorionicmonozygotic (MC-MZ) twins and monochorionic-dizygotic (MC-DZ) twins should not be considered as two separate populations of twins in relation to variation in neonatal temperament. In our series, the number of monochorionic twins was too small to draw conclusions. The possible parental bias of 'too low' dizygotic correlations 16 is not reflected in our study where in the parents were asked to rate the more active neonate.
The results of our study are in accordance with the view that temperament is often under genetic control 18, 19 and, therefore, independent of environmental influences. 19 In partial support of this view, recent research has identified various genetic polymorphisms related to specific temperament traits. [18] [19] [20] [21] Progressive differentiation of the central nervous system correlates with the development of general movements in the early fetal period, whereas transient organization and further maturation of central nervous system is expressed as a behavioral pattern resembling goal-directed behavior in the late fetal period and transient behavioral pattern in the early neonatal period. 22 The results of our study suggest a need for further investigation of prenatal twins' activity in a larger sample.
In conclusion, quantitative and qualitative features of fetal neurobehavioral activity provide the basis for individual differences in twins' activity in infancy.
Although the sample size was small and the observation period is short, differences in activity in early pregnancy even before the emergence of fetal behavioral patterns were followed by temperamental differences postnatally. According to these results, it is reasonable to expect that this information about intra-uterine motor activity could contribute to a better understanding of early fetal motor development and motor behavior, and facilitate prenatal detection of some neurological disorders.
